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OverviewOverview

•• TypesTypes
•• CausesCauses
•• Investigating and Monitoring Investigating and Monitoring 
•• Protocols and Data EvaluationProtocols and Data Evaluation
•• Health and Safety RisksHealth and Safety Risks
•• Preventative MeasuresPreventative Measures
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TerminologyTerminology

•• Landfill Fires [Underground Fire]Landfill Fires [Underground Fire]
– Industry Term
– 1st substantial paper in 1984, Sterns and 

Petoyan, Identifying and Controlling Landfill 
Fires, Waste Management Research

– Later became “How to Find and Treat 
Subsurface Fires”, Waste Age 1984
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•• Type OType O
– Operational in nature, handled by operator

•• Type 5Type 5
– Visible smoke, additional resources, 911 called, 1 to 

8 hours of suppression (1 Business Day) activities
•• Type 4Type 4

– 8 to 24 hours of suppression activities
•• Type 3Type 3

– Up to one week of suppression activities
•• Type 2Type 2

– More than a week of suppression activities

Surface Types Surface Types (Per ICS (Per ICS --400)400)
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Type 5 Type 5 -- Surface FireSurface Fire
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Type 4Type 4
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Type 2 Type 2 -- FresnoFresno
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Cause of Surface FiresCause of Surface Fires

•• Embers in a hot load;Embers in a hot load;
•• Careless smoking;Careless smoking;
•• Reactive substances;Reactive substances;
•• Methane flash from equipment spark;Methane flash from equipment spark;
•• Arson; and Arson; and 
•• Spontaneous CombustionSpontaneous Combustion



9Source: Tony Sperling - Landfillfire.com
Reactive Sawdust Load, CalgaryReactive Sawdust Load, Calgary



10Source: Tony Sperling - Landfillfire.com

Magnesium Chloride, Waste Magnesium Chloride, Waste 
Connection, Ore.Connection, Ore.
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SubsurfaceSubsurface

•• Material burning below the surface in a Material burning below the surface in a 
waste pilewaste pile

•• Typically in C&D facilities Typically in C&D facilities 
•• Will find Will find ““worm holesworm holes”” in the wastein the waste
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Subsurface Subsurface 
FireFire
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Subsurface FireSubsurface Fire

•• Difficult to locateDifficult to locate
•• Extinguishment is time consumingExtinguishment is time consuming
•• Create Create ““worm holesworm holes””
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Underground Underground 
FireFire
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Causes of Underground FiresCauses of Underground Fires

•• Spontaneous combustionSpontaneous combustion
•• Inadequate coverInadequate cover
•• Over PullingOver Pulling of a GCS systemof a GCS system
•• Air/Oxygen intrusion through Air/Oxygen intrusion through 

fissures or other featuresfissures or other features
•• Previous surface firePrevious surface fire
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Does the facility have a GCSDoes the facility have a GCS
•• This will help you determine the cause, This will help you determine the cause, 

extent and magnitude of the fireextent and magnitude of the fire
– LF fire with GCS are generally caused by over 

pulling 
•• Watch out for subsurface fires w/o GCSWatch out for subsurface fires w/o GCS

– Barometric influence and extended burning
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Most Common Cause Underground Most Common Cause Underground 
Fires (UF)Fires (UF)

•• Overpulling of a gas collection systemOverpulling of a gas collection system
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Subsurface Fire LocationsSubsurface Fire Locations

•• Typically fires at LF w/GCS are at slopes Typically fires at LF w/GCS are at slopes 
or grade breaks where the compaction or grade breaks where the compaction 
and depth of soil is less than the main and depth of soil is less than the main 
deckdeck

•• Or can occur at the well head if no seal is Or can occur at the well head if no seal is 
present present 
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• Operator must balance the Compliance vs. 
Combustion Issue

LFG OperationsLFG Operations

Required to reduce/eliminate LFG
emission

Excessive LFG extraction rates may
produce a fire
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New Source Performance New Source Performance 
Standards (NSPS) Standards (NSPS) [[CITE: 40CFR60.753]]

•• Emission Guidelines for municipal solid Emission Guidelines for municipal solid 
waste landfills. waste landfills. (>2.5 million m(>2.5 million m33))

•• Must Operate interior well atMust Operate interior well at
– LFG temperature of < 130 ºC
– Nitrogen level < 20 percent or
– Oxygen level < 5 percent

•• O/O may establish higher levels O/O may establish higher levels 
– Must be approved by administrator
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UF PotentialUF Potential
Increased Potential for a LF Fire to begin in an 

interior LFG extraction well if

– Oxygen exceeds 1.5% by volume
– Nitrogen exceeds 12% by volume
– Gas temperature exceeds 150-160 °F

• Highest Potential (all the above plus)
– LFG well is on a slope with interim cover

– Source: Todd Thalhamer, CIWMB
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DetectingDetecting a LF Firea LF Fire
•• Substantial settlement over a short timeSubstantial settlement over a short time
•• Smoke or smoldering odor emanating from the Smoke or smoldering odor emanating from the 

gas extraction system or landfill gas extraction system or landfill 
•• Levels of CO in excess of 1000 ppmvLevels of CO in excess of 1000 ppmv
•• Combustion residue in wells and/or headersCombustion residue in wells and/or headers
•• Increase in gas temperature in the extraction Increase in gas temperature in the extraction 

system (above 140system (above 140°° F or large F or large ΔΔTT))
•• Temperatures in excess of 170 Temperatures in excess of 170 °° FF
•• Oddities???Oddities???
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Settlement Due to UFSettlement Due to UF



24Source: Tony Sperling - Landfillfire.com

Collapse FeatureCollapse Feature
Carmon Landfill Carmon Landfill –– IsraelIsrael
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SettlementSettlement
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Smoke vs. SteamSmoke vs. Steam

•• Color difference:Color difference:
– Smoke » bluish-grey 
– Steam » white-grey

•• Time/Temperature of ObservationTime/Temperature of Observation
•• Transparency and Smoke DissipationTransparency and Smoke Dissipation
•• Easily distinguished by a field CO monitorEasily distinguished by a field CO monitor

– Note: Method is for Ambient Air



27

VentingVenting
without without 
smokesmoke

Temperature is Temperature is 
your evidenceyour evidence

Temperature 
is +485 F



28Source: Tony Sperling - Landfillfire.com

Combustion Combustion ResidueResidue
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ProtocolsProtocols

1.1. Field DataField Data
 Temperature surveys 
 Gas sampling surveys
 Infrared surveys

2.2. Data EvaluationData Evaluation
 Tend Analysis
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Elevated TemperatureElevated Temperature
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Gas Sampling ProtocolGas Sampling Protocol

•• Primarily Carbon MonoxidePrimarily Carbon Monoxide
– Detection level below 10 ppm 
– Notify lab high CH4

•• Fixed Gasses  Fixed Gasses  -- OO22, N, N22, CH, CH44, CO, CO22

•• Toxic Gasses Toxic Gasses –– TOTO--14 and/or TO14 and/or TO--1515
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CO MonitoringCO Monitoring

•• Field instrumentationField instrumentation
– Qualitative abilities and susceptible to cross-

sensitivity with high T, H2S, and humidity
– Must use a pre-filter
– Poor Results

•• Use Lab methods to determine COUse Lab methods to determine CO
– ASTM-D1946 (Low Detection Limit -10 ppmv)
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Field SamplingField Sampling

Boots?



34

Data EvaluationData Evaluation

•• The Landfill should have established base The Landfill should have established base 
lines for LFG  lines for LFG  
– Typically a landfill collects CH4, CO2, O2, 

Temperatures, and balance gasses (N2)
– Freq varies but the data is available to plot 

over time
– Look for trends in the wells and well fields
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Data Trends for UFData Trends for UF
Past investigations have shownPast investigations have shown
1.1. Excess Oxygen or NitrogenExcess Oxygen or Nitrogen
2.2. A gradual increase in A gradual increase in ∆∆temperaturestemperatures
3.3. Spike in Spike in ∆∆tt
4.4. Decrease in CHDecrease in CH44

5.5. Increase in COIncrease in CO

Not typically sampled but you 
would also see an increase in 
Benzene, MEK, and D/F
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Infrared TechnologyInfrared Technology

•• Does this work?Does this work?
– Yes, but depends on resolution and op

•• Provides an excellent base mapProvides an excellent base map
•• LimitationsLimitations

– Facility may be at 110 to 130 F
– Soil cover may interfere
– Look for large Temp Δ
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Infrared ExamplesInfrared Examples
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40Source: Todd Thalhamer

Other IndicatorsOther Indicators
•• Infrared Infrared 
•• Elevated VOCs Elevated VOCs [2 to 3 Orders of Magnitude][2 to 3 Orders of Magnitude]

– Benzene 
– MKE (2-Butanone)

•• Elevated Dioxins / FuransElevated Dioxins / Furans
– Costly Sampling

•• Leachate Composition Leachate Composition 
– Increases in constituents

•• Changes in Groundwater DataChanges in Groundwater Data
– Damaged liner via heat or settlement
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Confirming a Subsurface FireConfirming a Subsurface Fire
•• Rapid SettlementRapid Settlement
•• Temp above 170 FTemp above 170 F
•• Levels of CO above 1000 ppm Levels of CO above 1000 ppm w/lab w/lab 

analysisanalysis
– CO between 100 & 1000 ppm are viewed 

as suspicious
– CO between 10 & 100 ppm, no active fire

•• Infrared will not confirm a Infrared will not confirm a FIREFIRE
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Health and Safety For Health and Safety For 
InvestigationsInvestigations

•• H & Safety PlanH & Safety Plan
•• Entering facility with explosive gasEntering facility with explosive gas
•• Use four gas meter w/COUse four gas meter w/CO
•• UEL and LEL are presentUEL and LEL are present
•• Intrinsically safe equipmentIntrinsically safe equipment
•• Collapse PotentialCollapse Potential
•• Confined SpaceConfined Space
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Health and Safety ConcernsHealth and Safety Concerns

•• Past sampling of fires have shown: Past sampling of fires have shown: 
– Temperatures in excess of 500 F
– CO levels above 28,000 ppmv
– H2S levels at 3,000 and 25,000 ppmv

•• Unsafe areas, possible collapse,Unsafe areas, possible collapse, due to due to 
the void spaces created by the fire.the void spaces created by the fire.
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Sink HolesSink Holes
•• 16 year old 16 year old –– three three 

degree burns 30%degree burns 30%
•• Fell into 15 deep hole XFell into 15 deep hole X--

mas evemas eve

•• Equipment damage $$$Equipment damage $$$
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PreventionPrevention

•• Look for gravel pathways i.e. access roadsLook for gravel pathways i.e. access roads
•• Ensure soil compaction on slopeEnsure soil compaction on slope
•• Additional Cover > 1ft Additional Cover > 1ft (low permeability soil)(low permeability soil)

– Occurrence of UF, consider final cover

•• Decrease extraction rate or shut downDecrease extraction rate or shut down
•• Increase monitoring frequencyIncrease monitoring frequency
•• Prevent air intrusion through maintenance Prevent air intrusion through maintenance 

and and well sealswell seals
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GCS PreventionGCS Prevention

•• Reduce oxygen to less than 1% for and Reduce oxygen to less than 1% for and 
interior wellinterior well

•• Reduce nitrogen to less than 10% for an Reduce nitrogen to less than 10% for an 
interior wellinterior well

•• Reduce gas well temps below 135 FReduce gas well temps below 135 F
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Prevention Prevention –– Additional SoilAdditional Soil

• Min Perm of 1x10-6

• Max particle size 3 inches
• Classified SC, ML, CL, CH
• Extend cover min 10 ft
• Min cover 24 inches
• Max lift 9 inches
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WellWell--Bore SealBore Seal

Air Intrusion

Typical
(not to scale)

Well Seal

May consist of bentonite clay or 
geosynthetic membrane

Flexible Boot

Gas Well

Soil Cover



QuestionsQuestions
•• Underground Landfill FiresUnderground Landfill Fires
•• Investigation TechniquesInvestigation Techniques
•• Sampling CriteriaSampling Criteria
•• Data EvaluationData Evaluation
•• PreventionPrevention

Todd Thalhamer, Todd Thalhamer, todd.thalhamer@calrecycle.ca.govtodd.thalhamer@calrecycle.ca.gov

FOR MORE INFO...


